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• #1 Priority in particle physics is to test the Standard 
Model, and hopefully find new physics beyond the SM
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(to       )

TeV100 GeV10 MeV 100 MeV

SM! LHC

this talk “weak-coupling frontier”:	


~MeV-GeV masses,	



small couplings to SM



• High current enables higher 
precision measurements, 
sensitivity to smaller cross 
sections for rare processes	



• We recently began exploring 
opportunities for particle 
physics experiments @ FFAG 
ERL	



• Workshop on “Physics with 
Intense Electron Beams” at 
Cornell next week, June 17-19

Unpolarized, Polarized, Unit,

Energy(1)* 300* 300* MeV*

Power** 12* 3* MW*

Current* 40* 10* mA*

Bunch*frequency* 1300* 1300* MHz*

Normalized*EmiFancex,*y* 0.3* 0.3* mmJmrad*

Bunch*duraKon* 2* 2* ps*

Energy*spread* 0.02* 0.02* %*

PolarizaKon* 0* 90* %*

The,Cornell2BNL,FFAG2ERL,Test,Accelerator:,White,Paper*
arXiv:1504.00588*

(1)*300*MeV*is*the*maximum*energy*for*the*4Jturn*FFAG*ERL*planned*at*

Cornell.*With*an*addiKonal*loop,*the*energy*could*be*boosted*to*500*

MeV.*

FFAG ERL for Particle Physics

6/8/15, 6:56 PMIntense Electron Beams Workshop: June 17-19, 2015
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Registration will close on May 31, 2015.

With the advent of high power photoinjectors and high performance superconducting RF
acceleration, there is the potential for low energy electron beams with currents up to 10
times higher that those generally available today. This workshop will explore the physics
opportunities that will be opened up by such beams, focusing on parity violation, the
search for dark matter, dark photons and axions, and electromagnetic nuclear physics,
as well as the accelerator, detector, target and polarimetry technologies that make them
possible. Discussion will focus on electron beams with energies up to 500 MeV and
electron current of up to 100 mA (unpolarized) and 10 mA (polarized) with energy
recovery, with the goal of answering:

1. What is the potential reach of experiments using very intense low energy electron
beams?

2. What technical challenges need to be overcome to reach those goals?

Working Groups

Parity Violation -- co-conveners: Kent Paschke (U. Virginia), Maxim Perelstein (Cornell)
Dark Matter, Dark Photons, Axions -- co-conveners: Gordan Krnjaic (Perimeter Inst.),
Bogdan Wojtsekhowski (JLAB), Philip Schuster (Perimeter Inst.)
Electromagnetic nuclear physics -- co-conveners: Jan Bernauer (MIT), Ronald Gilman
(Rutgers)
Technology -- co-conveners: Vadim Ptitsyn (BNL), Joe Grames (JLAB), Alexander Nass
(Fz. Jülich)

Quick Links

IEB Workshop HomeIEB Workshop Home

Program

General Information

Electron beams

Registration

Participants

Accommodations

Travel

Visas

Local Attractions

Organizing Committee

Contact Information

Jobs News & Events Safety Internal Feedback     | CUInfo Emergency Info

INTENSE ELECTRON BEAMS WORKSHOP
CORNELL UNIVERSITY, JUNE 17-19, 2015

CORNELL LABORATORY FOR ACCELERATOR-BASED SCIENCES AND EDUCATION — CLASSE

CLASSE research is conducted with major support from the National Science Foundation.
Copyright © 2015 Cornell Laboratory for Accelerator-based Sciences and Education

http://www.classe.cornell.edu/NewsAndEvents/IEBWorkshop/
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• Motivation for new weakly-coupled particles is 
provided by the existence of dark matter

Why Weak Couplings?

4

Dark Matter: powerful evidence for New Physics

But what is it?
galaxy rotation curves

cosmic microwave background

Bullet cluster



Dark Matter & Dark SectorsDark Matter: powerful evidence for New Physics

But what is it?

SM 4%: rich structure, 
only a small subset of 
states are “abundant”

DM 23%: may well be 
equally rich!

?
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Dark Matter & Dark Photon

?
• “Dark” matter means interactions with the SM < EM strength (                 )	



•  Natural to consider two sectors, with EM-strength interactions within each 
one, but only feeble “portal” interactions between them	



• We know that Dark Sector gravitates, but is there any other portal?	



• A generic possibility is Dark Photon: almost inevitable if the Dark Sector 
contains “dark electromagnetism” 

gravity + X

“Kinetic Mixing”

Standard Model
�g A0 (massive)W±, Z

Holdom

X
A0�

ordinary photon & Aʹ can mix

�L =
✏

2
FY,µ⌫F 0

µ⌫

✏

Galison, Manohar

Dark Photons

Dark Sector

simplest Dark Sector consists of just an A′
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Dark Photon Searches
• Mixing induces coupling of DP to SM quarks/leptons, 	



• Parameters:        , 	



• DP may dominantly decay either to e+e-, or to dark sector states 
(“invisible”) 	



• Loops of DP may contribute to muon g-2, potentially explain E821 
anomaly (          deviation from the SM) Dark photons 
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Figure 2. Exclusion limit derived by the A1 experiment. See text for the explanation of the different lines.

production of a lepton pair via a virtual photon. Fig. 3 shows the decay of pion into a real and a virtual
photon, which decays into a lepton pair.

Again, the signature of a dark photon would be a peak in the mass spectrum of the lepton pair.
While the resolution of collider experiments is much lower than the resolution of spectrometers, the
background is also lower, allowing to extract sensitive results from meson decays. Table 1 shows
the channels analyzed by the BaBar, KLOE-2, WASA, and HADES collaboration, the corresponding
exclusion limits are included in fig. 2.

0π

γ

e

e

Figure 3. A dark photon can appear in all meson decays with a lepton pair.

4 Conclusions and Outlook

The dark photon is well motivated extension of the standard model and searches started at several
laboratories. From the analysis of collider data already significant exclusion limits could be extracted.

MESON 2014  13th International Workshop on Production, Properties and Interaction of Mesons –

01020-p.3

PHENIX 

Beam dump and other 
experiments have ruled out 
significant phase space, including 
most of that suggested by the 
muon g-2 discrepancy. 
 
But all of these bounds assume  
e or µ in the final state 

Visible: Invisible:

Upshot:

is ruled out

Part of a region 	


explaining g-2	



still alive!
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DarkLight Experiment
• DarkLight Phase I now under 

construction (run at JLab FEL in 2015 
or 16?)	



• Feasibility study for FFAG ERL is in 
progress by Cornell+MIT group	



• High current allows for improved 
reach in 	



• High current       compact target      
vertex reconstruction, especially useful 
for invisible DP search	



• Internal target fulfilling DarkLight 
requirements seems compatible with 
FFAG ERL design 

DetectorTarget 

e- Aʹ e-

e+

Aʹ

How to look for Aʹ with MeV-GeV mass?

New & old e- fixed target experiments

Bjorken, RE, Schuster, Toro

Reece & Wang

Freytsis, Ovanesyan, Thaler

look for A′ → e+e- 
resonance or 

displaced vertex
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Proton Charge Radius

(σ × 10)µ−H atomic data

e −H atomic data

Nuclear scattering data
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Bernauer et al. (2010)

Hand et al. (1963)

Figure 1. An overview of the best
proton charge radius measurements.
Full circles show findings of the
scattering experiments. Full squares
represent values obtained from the
Lamb shift spectroscopy. The val-
ues determined from the muonic hy-
drogen measurements are colored
red. The uncertainties of muonic
hydrogen data are multiplied by fac-
tor 10 for clarity [5].

where Q2 represents the square of the momentum transfer four-vector. Unfortunately, the data for
Q2 < 0.005 (GeV/c)2 that would allow for a reliable and precise determination of this slope do not
yet exist [6]. Therefore, an extrapolation of available Gp

E points to Q2 → 0 is used to estimate r2
E . The

extracted value of r2
E is extremely sensitive to the details of this extrapolation, which in turn strongly

depends on the precision and accuracy of the values of Gp
E themselves.

Currently the most precise existing nuclear scattering data are those of Bernauer [7]. In this
experiment elastic cross-section was measured, by using three high-resolution spectrometers of the
A1-Collaboration at MAMI (Mainz, Germany) in combination with a liquid hydrogen target and an
electron beam with different energies and currents ranging from 1 nA to 10 µA. The cross-section
was measured for 1400 different kinematic points, covering the Q2 from 1 (GeV/c)2 down to as low
as 4 · 10−3 (GeV/c)2 with the statistical uncertainty smaller than 0.2 %. In the analysis the measured
points were not sorted in terms of Q2 and used in the Rosenbluth separation. Instead, an alternative
approach was considered, where models for the elastic form-factors were fitted directly to all measured
points [8]. Various models were tested which all gave similar results with χ2/1400 ≈ 1.14. The
obtained fit for Gp

E(Q2) could then be directly used to estimate the proton charge radius. The best
estimate for the proton charge radius was determined to be rScat.

E = (0.879 ± 0.008) fm.

3 Hydrogen spectroscopy

The spectroscopy of the hydrogen atom plays an important role in the development of the modern
physics, because it can be used to precisely test the predictions of the theory of Quantum Electrody-
namics (QED). The theory has two free parameters, the Rydberg constant (Ry) and the mean charge
radius of the proton which need to be determined elsewhere (for instance in the scattering experi-
ments) before being able to confront it to precise atomic data. Alternatively, one could decide to trust
QED and combine it with the measured spectroscopic spectra to extract these two parameters, thus
offering a complementary way of determining the proton charge radius.

An important effect on the atomic levels is the Lamb shift [9], a small energy level splitting
in hydrogen, which arises due to the vacuum fluctuations. In the first approximation the effect is
proportional to the probability of finding an electron with the principal and orbital quantum numbers

EPJ  Web   of C   onferences

01009-p.2

2

apparent proton-radius in the e-p system. This possibil-
ity is consistent with the (g � 2)e constraint discussed
in the next section. However, since the e↵ects of such
a light force are suppressed at higher momentum trans-
fer, this possibility seems in tension with the value of the
proton radius extracted from scattering data which gen-
erally also imply a larger proton radius [4]. Therefore,
for the purpose of this paper, we concentrate on the pos-
sibility that it is a new attractive force that modifies the
µ-p system.

III. CONTRIBUTIONS TO (g � 2)e,µ

The scalar and vector-boson contributions to the elec-
tron and muon anomalous magnetic moments are [5, 6],

�al =
↵

2⇡

⇣
gµ

e

⌘
2

⇠ (m�/ml) , (4)

where ml is the mass of the electron or muon, and

⇠(x)
scalar

=

Z
1

0

(1� z)2(1 + z)

(1� z)2 + x

2

z

dz (5)

⇠(x)
vector

=

Z
1

0

2z(1� z)2

(1� z)2 + x

2

z

dz. (6)

For ml � m� we have the asymptotic behaviors
⇠scalar ! 3/2 and ⇠vector ! 1.

We begin with the electron system. As emphasized
in ref. [7], the (g � 2)e measurement is currently used
to define the fine-structure constant ↵. The additional
contribution to (g�2)e therefore acts as a shift of the fine-
structure constant as �↵ = 2⇡�ae. Comparing this cor-
rection to measurements made in Rb and Cs atoms [8, 9],
the shift in ↵ must not exceed 15 ppb, which constrains
the coupling to electrons as [7]

⇣
ge

e

⌘
2

⇠ (m�/ml) < 15⇥ 10�9

. (7)

For m� ⇡ MeV this constraint translates to ge/e .
2.3 ⇥ 10�4 and ge/e . 4.0 ⇥ 10�4 for scalar and vec-
tor mediators, respectively. The constraint is weakened
for larger values of m�.

More important for the purpose of a direct comparison
with the Lamb shift in the µ-p system is the constraint
coming from measurement of (g�2)µ [10]. At present, the
theoretical prediction for a

th
µ seems to indicate a deficit

of 302(88)⇥10�11 compared with the experimental value
a

exp
µ [11]. For a given mass m� we can extract the values

of gµ that bring the theoretical and experimental values
of (g � 2)µ into agreement. In fact, these values are in-
sensitive to m� provided m� ⌧ mµ is satisfied, giving
gµ/e ⇡ 1.6⇥ 10�3 for a vector and gµ/e ⇡ 1.3⇥ 10�3 for
a scalar. In Fig. 1 we plot the 2S

1/2-2P3/2 energy shift,
Eq. (2), against the mass of the mediator, m�, fixing the
coupling to muons in this way. For the purpose of the
plot we take gp = gµ, but the result for other choices is
easily obtained, as the energy shift is proportional to gp.

0.1 1 10 1000.0
0.1
0.2
0.3
0.4
0.5
0.6

mf HMeVL

-
dE
fHmH
L Hm

eV
L

FIG. 1: The contribution to the energy shift in muonic hy-
drogen, Eq. (2), plotted against the mass of the mediator.
In the central solid-blue curve we require the coupling to the
muon, gµ, to be such that the scalar contribution to (g � 2)µ
equals the theoretical deficit. In the upper/lower solid-blue
curve the scalar contribution to (g � 2)µ is determined to be
±1 s.d. away from the theoretical deficit. The vector case is
similarly given by the dashed-red curves. The coupling to the
proton is fixed at gp = gµ. The solid horizontal line is the dis-
crepancy between the experimentally measured value of the
energy and the theoretical prediction assuming the CODATA
value [2] for the proton-radius, rp = 0.8768 fm. The dotted
horizontal lines represent the ±1 s.d. uncertainty about this
value.

As the plot indicates, a new force with a mass ⇡ MeV
and a coupling to muons that explains the discrepancy in
the muon anomalous magnetic moment can also give the
required energy shift in muonic hydrogen to reconcile the
proton-radius extracted from this system with the one
extracted from hydrogen and electron-proton scattering.
The mediator mass that gives the maximum energy shift
is near an MeV because it is essentially determined by
the Bohr radius of the µ-p system, a

�1

µ = 0.69 MeV.
The choice gp ⇡ gµ favors m� ⇡ MeV, but a di↵erent
mass can be accommodated by increasing gp accordingly.
For m� � MeV (m� ⌧ MeV) the required coupling
becomes large and scales as m2

� (m�2

� ).

For m� ⇡ MeV the coupling to muons necessary to
explain both discrepancies turns out to be close to the
muon mass divided by the electroweak scale, mµ/v =
4.3 ⇥ 10�4. A Higgs-like coupling proportional to the
mass would resolve any tension with the constraint from
(g�2)e on the electron coupling, Eq. (7). However, it im-
plies that the coupling to neutrons is comparable to the
coupling to protons, gn ⇡ gp, which seems severely con-
strained by neutron scattering experiments, as we discuss
in the following section.

Scalar coupled to     but not    
can explain both Rp and g-2
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Proton form factors 
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Could shed light on proton 
charge radius discrepancy, 

or illuminate ambiguities 
among recent magnetic radii 

results. 

Why bother?

 [fm]
ch

Proton charge radius R
0.83 0.84 0.85 0.86 0.87 0.88 0.89 0.9

H spectroscopy

scatt. Mainz

scatt. JLab

p 2010µ

p 2013µ electron avg.
σ7.9 

3

Potential reach of ERL-
FFAG with an A1 style 
detector and point-like 
target  
(courtesy J. Bernauer). 
Needs study! 

Long history of proton form factor measurements: 

Puzzling out the proton radius puzzle

Miha Mihovilovič1,a, Harald Merkel1, and Adrian Weber1

for the A1-Collaboration
1Institut für Kernphysik, Johannes Gutenberg-Universität Mainz, DE-55128 Mainz, Germany

Abstract. The discrepancy between the proton charge radius extracted from the muonic
hydrogen Lamb shift measurement and the best present value obtained from the elastic
scattering experiments, remains unexplained and represents a burning problem of today’s
nuclear physics: after more than 50 years of research the radius of a basic constituent
of matter is still not understood. This paper presents a summary of the best existing
proton radius measurements, followed by an overview of the possible explanations for
the observed inconsistency between the hydrogen and the muonic-hydrogen data. In
the last part the upcoming experiments, dedicated to remeasuring the proton radius, are
described.

1 Introduction

"How big is the proton?" is one of the fundamental physics questions. The proton has been studied
since the early days of experimental hadronic physics [1]. Through the years many different mea-
surements of its properties have been performed, ranging from the pioneering experiments done in
the 1960s to the high precision measurements done in the last few years. In particular, its radius has
been determined by various electron scattering experiments and many atomic Lamb shift measure-
ments (see Figure 1). Both approaches gave consistent results. Unfortunately their average does not
agree with the findings of recent very precise Lamb shift measurements in muonic-hydrogen [2, 3],
which report a new value for the proton charge radius, 8σ away from the previously accepted value.
This discrepancy, known as the proton radius puzzle, represents an important open question of today’s
nuclear physics.

2 Nuclear scattering experiments

In a typical scattering experiment the radius of a proton is determined indirectly by measuring the
cross-section for elastic scattering of electrons on hydrogen [4]. The measured cross-section depends
on electric and magnetic form-factors Gp

E and Gp
M , which carry information about the charge and

magnetization distribution in the proton and are extracted from the measured data via Rosenbluth
separation. The charge radius is extracted from the slope of the electric form-factor at Q2 = 0:

r2
E ≡ −6!2 d

dQ2 GE(Q2)
∣∣∣∣∣
Q2=0
,

ae-mail: miham@kph.uni-mainz.de
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Value extracted from elastic ep scattering subject to errors from 
extrapolation to zero momentum transfer:

“8-sigma” discrepancy!
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Project P2 - The weak charge of the proton D. Becker

1. Introduction

The electroweak mixing angle sin2(q
W

) may be regarded as the most important parameter
in the theory of electroweak interactions. In order to test the Standard Model’s prediction and to
determine the value of the electroweak mixing angle, numerous experiments have been performed
over a wide range of energies. Figure 1 gives an overview of recent measurements of sin2(q

W

) as
well as future projects.
Next generation projects like for example the Møller Experiment and P2 are going to determine
the electroweak mixing angle to a precison high enough to compare the results to predictions of
models going beyond the Standard Model. It is pointed out in [2] that high precision measurements
of the electron’s and proton’s weak charges provide complementary access to new physics. Figure
2 shows the shifts of the electron’s and proton’s weak charges predicted by new physics models.

Figure 1: An overview of recent determinations and future measurements of the electroweak mixing angle
(courtsey of Jens Erler): The absorption of universal quantum corrections into sin2(q

W

) leads to a running
of the electroweak mixing angle w.r.t. the energy scale µ . The vertical placement of the planned/ongoing
projects’ points in this picture is arbitrary, their error bars depict the projected uncertainties. The Møller Ex-
periment [1] (Q

W

(e), Jlab) aims to measure sin2(q
W

) via the electron’s weak charge to a relative uncertainty
of 0.1 %. The goal of Project P2 (Q

W

(p), Mainz) is to measure the weak charge of the proton with a precision
of 1.9 % which corresponds to a precision of 0.15 % in the determination of the electroweak mixing angle.
The two measurements are complementary in terms of searching for physics beyond the Standard Model.

2. Experimental method and achievable precision

The P2 Experiment is going to measure the weak charge of the proton through the parity
violating asymmetry A

PV in elastic electron-proton scattering. Asymmetry measurements are a
well established experimental technique. Figure 3 illustrates the basic concept.
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Project P2 - The weak charge of the proton D. Becker

Figure 2: Shifts of the proton and electron weak charges predicted by new physics models according to
[2]: The dashed lines mark the Standard Model values of the weak charges. The arrows depict possible
deviations from the Standard Model values. Since the shifts differ in size and direction for the models and
the weak charges, high precision measurements of their values will allow for a test of these predictions.

The parity violating asymmetry depends on the proton’s weak charge Q

p

W

in the following
manner:

A

PV =
�G

F

Q

2

4p
p

2a
(Qp

W

�F(Q2)), (2.1)

with

F(Q2) = F

em

(Q2)+F

axial

(Q2)+F

strange

(Q2). (2.2)

F(Q2) is the sum of hadronic contributions stemming from the nucleon’s inner structure. G

F

is the Fermi-coupling and Q

2 is the negative squared 4-momentum transfer. At low values of Q

2

Figure 3: Experimental method of Project P2: Beam electrons with helicity +1 or -1 are scattered off
unpolarized protons and then registered in a counting detector, so that one observes rates R

+ or R

�. The main
contributions to the scattering amplitude are stemming from the electromagnetic and the weak interaction.
Since the weak interaction violates parity, the cross sections s+ and s� and therefore the rates R

+ and R

�

are not the same. The parity violating asymmetry in elastic electron-proton scattering may be defined as
A

PV = s+�s�

s++s� and is in the order of 10�8 for P2’s projected experimental conditions.
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Parity-Violating Asymmetry

P
o
S
(
B
o
r
m
i
o
2
0
1
4
)
0
4
3

Project P2 - The weak charge of the proton D. Becker

/degθ 
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Total
(p)WQ
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 = 20.0 degθ∆| @ E = 200.0 MeV, Ω∆>PV|<A

Figure 4: Parity violating asymmetry in elastic electron-proton scattering, averaged over solid angle for a
beam energy of 200 MeV and a detector acceptance of ±10�, vs. central scattering angle q . The total asym-
metry is shown in black, the contribution of the proton weak charge in red. Nucleon structure contributions
are shown as well. At low central angles around 20� the asymmetry is clearly dominated by the contribution
stemming from the proton’s weak charge.

the hadronic contributions become very small, see figure 4.
So a measurement of A

PV at low momentum transfer grants access the the proton’s weak
charge, which is (at tree level) given by

Q

p

W

= 1�4 · sin2(q
W

), (2.3)

and therefore to the electroweak mixing angle.

Figure 5: g-Z-boxgraph correction to the weak charge of the proton, taken from [3]. Shown is the cor-
rection (middle curve, red) and the uncertainty bands. With increasing beam energy, both mean value and
uncertainty of the contribution rapidly grow, while the mean value is small and the uncertainty is well under
control at low beam energies.
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is related to the Weinberg angle
precise Z-pole 	


measurementstest SM prediction for 

running to low energies

• Example: if dark sector contains a copy of SM, new P-violation 
at low energies due to mixing of dark photon with “dark Z”

10
[Davoudiasl, Lee, Marciano,’12]

Parity Violation 
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PEB Workshop, 03/14/2013 Yury Kolomensky, Parity Violation 

Future Weak Charge Measurements
LHC new physics signals could have multiple interpretations: weak 
charge measurements can discriminate among scenarios
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RPV SUSY 

MSSM   

The electroweak mixing angle

P2 @ MESA/Mainz:
 A new high precision measurement of                : sin

2(θ
W
)

( Δ sin
2(θW )

sin
2(θW ) )=0.15 %

E ~ 200 MeV

At tree level: QW ( p)=1−4⋅sin
2(θW )

The parity violating asymmetry in elastic e-p-scattering

Qw( p)=1−4sin
2 (θW )(μ)

F (Q2)=F EM (Q2)+F Axial (Q
2)+F Strange(Q

2)

Measuring         at low momentum transfer      gives access to             . APV QW ( p)Q
2

Weak charge of the proton:

Proton structure:

APV=
σ +−σ -

σ++σ -
=

−GF Q
2

4 √2πα
⋅(QW ( p)−F (Q2))
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Project P2 - The weak charge of the proton D. Becker

Figure 2: Shifts of the proton and electron weak charges predicted by new physics models according to
[2]: The dashed lines mark the Standard Model values of the weak charges. The arrows depict possible
deviations from the Standard Model values. Since the shifts differ in size and direction for the models and
the weak charges, high precision measurements of their values will allow for a test of these predictions.

The parity violating asymmetry depends on the proton’s weak charge Q

p

W

in the following
manner:

A

PV =
�G

F

Q

2

4p
p

2a
(Qp

W

�F(Q2)), (2.1)

with

F(Q2) = F

em

(Q2)+F

axial

(Q2)+F

strange

(Q2). (2.2)

F(Q2) is the sum of hadronic contributions stemming from the nucleon’s inner structure. G

F

is the Fermi-coupling and Q

2 is the negative squared 4-momentum transfer. At low values of Q

2

Figure 3: Experimental method of Project P2: Beam electrons with helicity +1 or -1 are scattered off
unpolarized protons and then registered in a counting detector, so that one observes rates R

+ or R

�. The main
contributions to the scattering amplitude are stemming from the electromagnetic and the weak interaction.
Since the weak interaction violates parity, the cross sections s+ and s� and therefore the rates R

+ and R

�

are not the same. The parity violating asymmetry in elastic electron-proton scattering may be defined as
A

PV = s+�s�

s++s� and is in the order of 10�8 for P2’s projected experimental conditions.

3

• Ongoing/planned experiments 
(Qweak/P2) will achieve 	



!

!

• May be advantageous to go to 
higher energies, ~500 MeV vs. 200 
MeV at MESA - could be a good fit 
for Cornell	



• Required high internal target density 
is a challenge for this experiment at 
FFAG ERL - needs further thought	
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Project P2 - The weak charge of the proton D. Becker

1. Introduction

The electroweak mixing angle sin2(q
W

) may be regarded as the most important parameter
in the theory of electroweak interactions. In order to test the Standard Model’s prediction and to
determine the value of the electroweak mixing angle, numerous experiments have been performed
over a wide range of energies. Figure 1 gives an overview of recent measurements of sin2(q

W

) as
well as future projects.
Next generation projects like for example the Møller Experiment and P2 are going to determine
the electroweak mixing angle to a precison high enough to compare the results to predictions of
models going beyond the Standard Model. It is pointed out in [2] that high precision measurements
of the electron’s and proton’s weak charges provide complementary access to new physics. Figure
2 shows the shifts of the electron’s and proton’s weak charges predicted by new physics models.

Figure 1: An overview of recent determinations and future measurements of the electroweak mixing angle
(courtsey of Jens Erler): The absorption of universal quantum corrections into sin2(q

W

) leads to a running
of the electroweak mixing angle w.r.t. the energy scale µ . The vertical placement of the planned/ongoing
projects’ points in this picture is arbitrary, their error bars depict the projected uncertainties. The Møller Ex-
periment [1] (Q

W

(e), Jlab) aims to measure sin2(q
W

) via the electron’s weak charge to a relative uncertainty
of 0.1 %. The goal of Project P2 (Q

W

(p), Mainz) is to measure the weak charge of the proton with a precision
of 1.9 % which corresponds to a precision of 0.15 % in the determination of the electroweak mixing angle.
The two measurements are complementary in terms of searching for physics beyond the Standard Model.

2. Experimental method and achievable precision

The P2 Experiment is going to measure the weak charge of the proton through the parity
violating asymmetry A

PV in elastic electron-proton scattering. Asymmetry measurements are a
well established experimental technique. Figure 3 illustrates the basic concept.

2
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Registration will close on May 31, 2015.

With the advent of high power photoinjectors and high performance superconducting RF
acceleration, there is the potential for low energy electron beams with currents up to 10
times higher that those generally available today. This workshop will explore the physics
opportunities that will be opened up by such beams, focusing on parity violation, the
search for dark matter, dark photons and axions, and electromagnetic nuclear physics,
as well as the accelerator, detector, target and polarimetry technologies that make them
possible. Discussion will focus on electron beams with energies up to 500 MeV and
electron current of up to 100 mA (unpolarized) and 10 mA (polarized) with energy
recovery, with the goal of answering:

1. What is the potential reach of experiments using very intense low energy electron
beams?

2. What technical challenges need to be overcome to reach those goals?

Working Groups

Parity Violation -- co-conveners: Kent Paschke (U. Virginia), Maxim Perelstein (Cornell)
Dark Matter, Dark Photons, Axions -- co-conveners: Gordan Krnjaic (Perimeter Inst.),
Bogdan Wojtsekhowski (JLAB), Philip Schuster (Perimeter Inst.)
Electromagnetic nuclear physics -- co-conveners: Jan Bernauer (MIT), Ronald Gilman
(Rutgers)
Technology -- co-conveners: Vadim Ptitsyn (BNL), Joe Grames (JLAB), Alexander Nass
(Fz. Jülich)

Quick Links

IEB Workshop HomeIEB Workshop Home

Program

General Information

Electron beams

Registration

Participants

Accommodations

Travel

Visas

Local Attractions

Organizing Committee

Contact Information

Jobs News & Events Safety Internal Feedback     | CUInfo Emergency Info

INTENSE ELECTRON BEAMS WORKSHOP
CORNELL UNIVERSITY, JUNE 17-19, 2015

CORNELL LABORATORY FOR ACCELERATOR-BASED SCIENCES AND EDUCATION — CLASSE

CLASSE research is conducted with major support from the National Science Foundation.
Copyright © 2015 Cornell Laboratory for Accelerator-based Sciences and Education

WG Reports will focus 
on opportunities in these 

areas - STAY TUNED!
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